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COMPOSITION FOR REDUCING NOx EMISSIONS 

The present invention relates to a composition suitable for reducing NOx 
emissions during catalyst regeneration In a flu d catalyth cracking (FCC) 

•■ill Iq 

5 process, a process for preparing said composition, and Its uso: 

In a fluid catalytic cracking process the catalyst particles circulate between a 
catalytic cracking zone and a 'regeneration zone. During regeneration. cOke 
deposits formed on the' catalyst during the cracking reaction are burnt away, 

10 resulting in environmentally ' urideslred gases being emitted from the 
regeneration zone, e.g. SOx, NOx, and CO. Much effort Is put on finding 
compositions whictn reduce said emissions. These compositions are added to 
the FCC unit either as an integral part of the f'CC catalyst, or as separate 
particles. Mg-Al spinel containing compositions are frequently mentioned as 

15 suitable for SOx and/or NOx reduction. . ..... 

WO 01/12570 discloses a composition comprising Mg-Al anionic clay and 
cerium. This composition is prepared by first mixing gibbslte and magnesium 
oxide in wiater to form an aqueous slurry, followed by adc!:.V^ cerium nitrate, and 
20 aging the resulting mixture, thereby forming sonr.e anionic clay. The product is 
subsequently spray-dried, calcined, and aged in order to obtain the desired 
composition. 

This document further suggests that such compositions can be used as SOx 
and/or NOx-reducIng additives in FCC 

25 

The present invention provides a compositior with Improved NOx-reducIng 
capacity. The composition according to the inver tion comprises 

(a) a Mq and Al-containliig component, 

(b) a rare earth metal oxide, and 

30 (c) an acidic oxide component. iEST AVAILABLE COPY 
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Preferably, the catalyst is in the form of fluidizable. particles, i.e. partioles having 
a particle size of about 20-200 microns. 

Mg and Al-contalning components Include Mg and Al-contalning anionic clays 
5 and heat-treated forms thereof, such as solid solutions, and spinel. Mg and Ai- 
containlng anionic clays have a crystal structure which consists of positively 
charged (ayers built up of specific combinations of magncj:..Hi and aluminium 
hydroxides between which there are water moliscuies and anions. Suitable 
anions are NOj*. OH, C\\ Bt\ \\ BO^K S\Oz^\ Cr04^', BOj^', MnO/. HGaOs^", 
10 HV04*\ CIO4. BOs^", pillaring unions such as VioOad"^ and Mo7024^. 
monocarboxylates such as acetate, dicarboxylatss such as oxalate, and alkyl 
sulphonates such as laurylsulphonate. 

Hydrotaicite Is an example of a naturaliy occurring Mg and Ai-containing anionic 
clay, In which carbonate Is the predominant anion present, Melxnerlte Is a Mg 
16 and Al-containing anionic clay wherein hydroxyl is the predominant anion 
present. 

in the prior art, anionic clays are also referred to as hydrotalcite-like materials or 
layered double hydroxides. In this specification v/e refer to these materials as 
anionic clays, comprising within that term hydrotalcite-like and layered double 
20 hydroxide materials. 

A characteristic of Mg-AI anionic clays is that mild calcination results in the 
fomiatlon of a disordered MgO-like product. Said disordered MgO-iike product 
is distinguishable from spinel {which results upon severe caidhationj and from 
25 anionic clays, in this specification we refer to said disordered MgO-like 
materials as Mg-AI solid solutions. Furthermore, ^:hese Mg-Al solid solutions are 
characterised by a so-called memory effect whereby the exposure to water of 
such calcined materials results in the reformation of the anionic clay structure. 

30 The Mg and Al-containing anionic clay does not necessarily consist of pure 
anionic clay. It may also be a component comprising the anionic clay and an 
aiuminium or magnesium compound. This aluminium or magnesium compound 
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can be the starting material usied for the anionic clay preparation, or reacted 
forms thereof, ae long as they are not reacted io anionic'clay. IHence, the 
compositions may contain some magnesium oxide, (pseudo)boehmite, brucite, 
aluminium trihydrate, or mixtures thereof. 

5 

Rare earth metal oxides which can suitably b<» used In the composition 
according to the invention are CeOj, and LaaOg. 

The acidic oxide component is preferably selected from the group consisting of 
10 alumina, silica-alumina, Y-type aluminosillcate, ar,d combinations thereof. It is 

even more, preferred to use more than one addic oxide, e.g. Y-type 

alumlnosilicate and alumina, Y-type aiumlnosllic«te and silica-alumina, or Y- 

type aluminosliicate and alumina and 8ilica-alumln.a. 

Examples of aluminas are boehmite, pseudobocihmite, gamma alumina, and 
15 heat-treated forms thereof. 

A preferred Y-type aluminosliicate is zeolite Y vith a Silica to Alumina Ratio 

(SAR) of less than 6, which preferably has been exchanged with rare earth 

(RE): REY zeolite. 

20 Preferably, the composition according to the invention comprises 

(a) a Mg and Ai-contalning component in an amount of about 50-65 wt.%, 

(b) CeOa In an amount of about 6-12 wt.%, 

(c) alumina in an amount of about 25-35 wt.%, 

(d) silica in an amount of 2-8 wt%, and . , 
25 (e) a REY zeolite In an amount of about 3-d wt.%. 

In a more preferred embodiment, the Mg and Al- containing component is a Mg- 

« 

Al anionic clay. 

30 The compositions according to the invention <jan be prepared by a prdcess 
comprising the following $teps: 
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(1 ) combining an aluminium source with a magnesium source - at least one of 
tifiem being water-ineoiuble- in water to fonm aiaqueoLis slurry; ' . 

(2) optionally milling the slurry, 

(3) aging the slurry, 

s (4) combining a precursor of UnQ rare earth metul oxide with the product of 
step (3), 

(5) spray-drying the product of step (4), 

(6) calcining the spray-dried material, 

(7) optionally slurrying the product of step (8) in water and milling the 
10 resulting slurry, 

(8) combining the product of step (6) or (7) with tlie acidic oxide component or 
a precursor thereof, and 

(9) shaping, preferably spray-drying the product cif step (8), 

15 Suitable aluminium sources include aluminium oxdes and hydroxides such as 
transition alumina, aluminium trihydrafe (gibbsite» bayerite). and its thermally 
treated forms (including flash calcined alumina), sols, amorphous alumina, 
(pseudo)boehmite, aluminium-containing clays such as' Kaolin, sepiollte, 
hydrotaicite, and bentonite, modified clays such as metakaottn, alumina salts 

20 sudi as aluminium nitrate, aluminium chloridBi aluminium chiorohydrate> 
sodium aluminate. 

Aluminium trihydrate includes crystalline ' alun^lniurh trihydrate (ATH), for 
example gibbsites provided Isy Reynolds Aluminium Company RH-20® or JIV1 
Huber l^icral® grades. Also BOC (Bauxite Oro Concentrafe); bayerite and 
25 nordstrandite are suitable aluminium trihydrates. BOC is the cheapest alumina 
source. The aluminium trihydrate is preferred to have a particle size ranging 
from 1 to 150 ^im, more preferably from 1 to 20 ^ni. 

Suitable magnesium sources include magnesium oxides of hydroxides such as 
30 MgO, Mg(OIH)a, hydromagnesite, magnesium salts such as magnesium acetate, 
magnesium formate, magnesium hydroxy ac^itate. magnesium carbonate, 
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magnesium hydroxy carbonate, magnesium blear :)onate, magnesium nitrate, 
magnesium chloride, magnesium-containing clays such as culomite, "saponite, 
and sepiolite, and mixtures of the above-mentioned magnesium sources, 

5 The use of aluminium trihydrate as the aluminium jiource and magnesium oxide 
as the magnesium source Is preferred. 

The Mg/A! ratio may vary from 1 to 10, preferably from 1 to 6, most preferably 
from 2 to 4, 

10 * ' . • - • . . 

In this specification the .term 'milling' Is defined iis any method that results in 
reduction of the particle size. Such a particle siie reduction can at the same 
time result in the fonmation of reactive eurfaces snd/or heating of the particles* 
Instnjments that can be used for milling Include ball mills, high-shear mixers, 

15 colloid mlxerSi and electrical transducers thai can introduce ultrasound waves 
into a slurry. Low-shear mixing, i.e. stirring that is perform^'" essentially to keep 
the ingredients in suspension, is not regarded as milling'. 
After the optional milling step (7), the particle size is preferably below 6 microns, 
more preferably below 3 microns. 

20 

During aging step (3), part of the aluminium anc magnesium source may react 
to form an anionic clay. If the final composition is desired to contain anionic 
ctay, the amount of anionic clay formed during step (3) Is preferably between 5 
and 75%, more preferably 5-25%, and most preferably 5 and 10 wt% of the final 
25 amount of anionic clayi because then shaped bodies with the highest physical 
strength are obtained 

The calcination step (6) is preferably performe<l at temperatures between 200* 
and lOOOX, more preferably between 300* »nd 800'C and most preferably 
30 between 400* and 600*C. Calcination Is condusted for minutes to 24 hours, 
- preferably i-1 2 hours and nwst preferred 2-6 hours. By this treatment a Mg and 
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Al-conlaining solid solution or a spinel Is formed, depending on the exact 
caWnailon conditions. . . . , ' 

The sc-formed solid solution can be rehydrated to form an anionic day again in 
step (7). This rehydration can be performed by contacting the solid solution with 
5 water for 1-24 hours at thermal or hydrolhennal conditions, preferably at 
temperatures ranging from es'-aS'C, Preferably, the slurry has a- solids content 
ranging from about 10 to 50 wt%. Optionally, this rehydration can be performed 
In the presence of metal ions, e.g. Cu w Ba. 

10 The compositions according to , the Invention exhibit good NOx reducing 
properties in, e.g., FCC units. Therefore, the Invention also relates to the use of 
the catalyst composition according to the Invention for the reduction of NO^ 
emissions in FCC units. 

The temperature in the catalytic cracking zone tjf the FCC unit Is generally In 
15 the range 375" to 650'C, more partlculariy 460' to SeO'C. The pressure in "this 
zone is generally between atmospheric preissure and a pressure of 7 
atmospheres, more particularly between 1 and 3 atmospheres. In the 
regeneration zone, the catalyst is regenerated with an oxygen-coritalning gas at 
a temperature of about 540' to 825'C, more particularly 700' to 750'C and In 
20 the pressure of steam. 

The composition according to the invention is used in the FCC process In 
combination with a conventional FCC catalyst. The co.^.^o3ltion according to 
the invention and the FCC catalyst can be c;Ol!ectlvely incorporated Into a 
matrix, thereby creating one type of catalyst particle. On the other hand, a 
25 physical mixture of two types of particles can b<! used: particles comprising the 
composition according to the Invention and FCC catalyst particles. This has the 
advantage that the amount of the composition according to the invention to be 
added to the FCC unit can be easily adapted lo the specific conditions in the 
unit and the hydrocarbon feed to be processed. 

30 ■ . •:' 
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CLAIMS 




1. A composition comprising a 

a) a Mg and Al'Containing component, 
s b) a rare earth metal oxide, and 

c) an addle oxide component. 

I 

2. A composition according to claim 1, wherein the acidic oxide component 
is selected from the group consisting of Y-type aiumlnosilicate, alumina, 

10 silica-alumina, and combinations thereof. 

3. A composition according to claim 2 comprising 

a) a Mg and Ai-containing component, 

b) a rare earth metal oxide, 

15 c) alumina and/or silica-alumina, and 
d) Y-type aiumlnosilicate. 

4. A composition according to claim 3 comprising 

a) a Mg and Al-containing component in an amount of about 50-65 
20 wl.%. 

b) CeOz in an amount of about 8-12 wt,Vc. 

0) alumina in an amount of about 25-35 v/t,%. . . 

d) ' silica in an amount of 2-8 wt%, and 

e) a REY zeolite in an amount of about 2-10 wt.%. 

25 

5. A composition according to any one of this preceding claims wherein the 
Mg and At-containing component Is a Mg-Al anionic day. 

9 • * • • , 

6. A composition according to any one of the preceding claims wlf\lch 
30 additionally comprises Cu. 

; j:e3T aw^ilable copy 
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7. A process for preparing a composition aocording to any one of the 
preceding claims, comprising 

(1) combining an aluminium source and i\ magne$iurn source in water 
to fonfn an aqueous slurry: 
5 (2) optionally milling the slurry, 

(3) aging the slurry,. 

(4) combining a precursor of the rare earti metal g. . with the product 

of step (3), 

(5) 8pray-drylr)g the product of step (4), 
10 (6) calcining the spray-dried material, 

(7) optionally slurrying the product of step (6) in water and milling the 
resulting slurry, 

(8) combining the. product of step (6) or (7) with the acidic oxide 
component, and 

15 (9) shaping the product of step (8). 

8. Process according to daim 7 wherein the aluminium source is aluminium 
trihydrate and the magnesium source is magnesium oxide. 

20 9. Use of the composition according to any one of claims 1-6 for reducing 
NOx emissions in an FCC unit. 
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ABSTRACT 

The Invention relates to a composition suitable for reducing NOx emlselons 
during, e.g., catalyst regeneration in a fluid cacklng cracking process, said 
compoBitlon comprising a Mg and Al-containing componu..;, a rare earti> metal 
oxide, and an acidic oxide component. The invention furli^er relates to a 
process for preparing such a composition end its use for reducing NOx 
emissions. 
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